challenge conditions, such as pigs [2] [3] [4] [5] and calves [6] . In these studies, the use of SDP improved weight gain and FE.
Coffey and Cromwell [7] observed that the performance improvement of pigs reared in high-challenge environments and fed SDP was greater than pigs managed in environments with low health challenge and fed SDP. Spraydried plasma has also been shown to promote beneficial effects in poultry, such as improved growth rate, feed intake, FE, and better breast meat yield, as well as reduced BW variation and lower carcass downgrading rates [8] [9] [10] . The objective of the present study was to evaluate the effects of increasing SDP inclusion levels in the prestarter, starter, and grower diets on the performance, flock uniformity, livability, and carcass and cuts yield of broilers submitted to health challenge.
MATERIALS AND METHODS
All procedures involving birds were in accordance with Brazilian guidelines and approved by the Ethics Committee of the Federal University of Rio Grande do Sul. The Brazilian guidelines are based on Federal Law No. 11794 of October 8, 2008 .
Two experiments using Ross 308 male broilers were conducted to evaluate the effects of dietary inclusion of SDP on broiler performance and flock uniformity. Both experiments lasted 42 d and diets were formulated according to the recommendations of Rostagno et al. [11] . The mash diets were based on corn, soybean meal, and meat and bone meal and contained equal energy and amino acid levels (Tables 1 and 2) .
In experiment 1, 1,400 one-day-old chicks from a commercial poultry hatchery, with 42.9 g of average BW, were housed in 40 pens measuring 2.5 × 1.5 m with wood shavings litter. Birds were randomly assigned to 5 treatments according to SDP dietary inclusion. During the first week, only 3 treatments were applied ( Table 3) .
The commercial brand of the SDP used in both experiments was AP920 [12] and its composition is shown in Table 1 . A completely randomized experimental design was applied, with 8 replicates per treatment and 35 birds per replicate. To submit the birds to health challenge conditions, chicks were housed on reused litter from a previous commercial flock. In each pen, 80 kg of litter contaminated with coccidian was added. Analysis for the presence of coccidia was not performed; however, the birds that previously used the litter were attested to grade 5 coccidiosis by veterinary medical staff from the poultry industry. The moisture content of litter was approximately 40%.
One-day-old chicks were vaccinated against Marek's disease (injection), infectious bronchitis (spray), and coccidiosis (drinking water), which were also used as challenge [13] . Water in the tank was not treated, drinkers were cleaned once every 3 d, and a mixture of water and reused litter (10 L/1,000 L of water) was added to the drinking water tank in the second week of the experiment.
Live performance, flock uniformity, livability, and carcass and cuts yield were evaluated. The results of performance were presented per rearing phase (d 8-14, 1-21, and 22-42). To determine flock uniformity, all birds were individually weighed on d 1 and 35, and variance and SD of the individual BW were calculated. The livability (100% − mortality) was determined in 1 to 21-d period. At the end of the experiment, 10 birds per pen, representing the average pen weight, were euthanized to determine carcass, breast meat, and leg (drumstick plus thigh) yields.
Data were analyzed using the SAS [14] statistical package, and the means were compared using the LSMEANS procedure. Contrasts were used to compare SDP dietary inclusion levels in each rearing phase when treatment effect was detected (P < 0.10). The following contrasts were determined for 8 to 14 d performance responses between treatments (T1-T5): 0 × SDP (T1 × T2, T3, T4, T5); 1.5 × 3.0% (T2 + T3 × T4 + T5); 1.5 and 3.0% × 1.5 + 0.5% and 3.0 + 0.5% (T2 + T4 × T3 + T5); and 0 × 1.5 + 0.5% and 3.0 + 0.5% (T1 × T3 + T5). For the starter and grower phases, the following contrasts for performance responses were calculated: 0 × SDP (T1 × T2, T3, T4, T5) and 0 × 1.5 + 0.5% and 3.0 + 0.5% (T1 × T3 + T5).
In experiment 2, 880 one-day-old broiler chicks from a commercial poultry hatchery, with 35.5 g average BW, were reared in 40 pens measuring 2.5 × 1.5 m with wood shavings litter. Birds were randomized between 4 treatments as a function of SDP dietary inclusion level. During the first week, only 2 treatments were applied (Table 3) .
A completely randomized experimental design with 10 replicates per treatment and 22 birds per pen was applied. Birds were challenged with reused litter from 2 previous flocks and the low number of birds with ±10% of the average pen weight were calculated (d 8-42).
Statistical analyses were done using the SAEG [16] statistical package, and means were compared using the LSMEANS procedure. Contrasts were used to compare SDP dietary inclusion levels in each rearing phase when treatment effect was detected (P < 0.10). The control 
RESULTS AND DISCUSSION
In experiment 1, weight gain (WG) during the starter phase was not influenced by the treatments. Birds fed 1.5% SDP during the first week of age and 0.5% SDP up to d 21 (T3) had lower feed intake (FI) as compared with the control group. Broilers fed SDP up to d 21 (T3 and T5) had lower FCR compared with those not receiving SDP (Table 4 ). The contrasts between feeding 1.5 or 3.0% SDP, and SDP only during the first week or for 21 d were not significant. None of the evaluated performance parameters were affected by the treatments during the grower phase.
An interesting response was observed during the second week of the birds' life. In the second week, FI of broilers fed SDP in the first week (except for T5, Table 4 ) was lower as compared with broilers that did not receive plasma, independent of inclusion level or if they continued or not to be fed SDP in this period. However, the maintenance of 0.5% dietary inclusion of SDP promoted better FCR (Table 5) , as shown by the contrasts of T1 × T3 + T5. Means followed by different letters in the same column are significantly different by the least squares means test (P < 0.10). Means followed by different letters in the same column are significantly different by the least squares means test (P < 0.10). (Table 6) were not influenced by the dietary treatments; therefore, SDP did not increase uniformity or livability. However, the livability of the control birds was very high and the intentional health challenges were evidently not sufficient to cause an increase in mortality.
The inclusion of SDP in the starter and grower diets did not affect carcass or cuts yields of 42-d-old broilers (Table 7) . These results are consistent with the findings of Longo et al. [18] , who did not find any differences in carcass yield of broilers fed diets containing plasma as the protein source of the prestarter diet.
Mozdziak et al. [19] and Halevy et al. [20] asserted that chicks have active satellite cells that are responsible for nuclei accumulation in the muscle fibers, and that some nutritional factors may affect these cells, changing muscle fiber size and muscle proportion in poultry. Therefore, adequate protein supply during the prestarter phase may be essential for muscle development in the subsequent rearing phases. However, this was not detected with the use of plasma up to 7 or 21 d of age in the present study.
In experiment 2, the low birth weight (35 g) of the chicks may have influenced performance results. At 21 d of age, broilers in experiment 2 gained around 75% of the WG of the broilers in experiment 1. This weight difference was maintained up to d 42. Leandro et al. [21] evaluated the influence of the initial weight of 1-d-old chicks on subsequent performance and concluded that the greater initial weight resulted in a higher final weight of carcass.
Based on the ANOVA of performance parameters, there was no effect of the use of SDP (Table 8) . However, based on the contrasts, between d 8 and 21 (Table 9) , broilers fed 1.5% SDP during the first week of life and 0.5% until d 21 had higher WG as compared with the control broilers. Therefore, the inclusion of SDP in the diet during the first and second week of life improves broiler WG; however, the result is diluted when the total period of 1 to 21 d is taken into account. As observed in experiment 1, none of the performance responses was influenced by the experimental treatments during the grower period (Table 8) , even when 0.25% SDP was included during this period in experiment 2. Therefore, maintaining 0.25% SDP dietary inclusion during the grower period did not improve the performance of broilers during this phase.
During the total experimental period, from 1 to 42 d of age (Table 8 ), 1.5% and 0.5% SDP dietary inclusion until d 21 (T3) and 1.5, 0.5, 0.25% until d 42 (T4) resulted in higher WG as compared with the control treatment (T1). Alternatively, broilers fed 1.5% SDP during the first week only (T2) had higher FI than those in the control group; however, this did not result in higher WG in T2 birds. Feed conversion ratio was not affected by the treatments, contrary to what was observed in experiment 1.
There were no significant differences in flock uniformity responses at 8 and 42 d of age (Table  10) , as previously observed in experiment 1. In both experiments, it was indicated that the use of SDP may change the performance of broilers reared under challenge conditions. Campbell et al. [8] did not detected any significant improvement in the performance or carcass yield of broilers fed bovine SDP and not submitted to health challenge (reared in cages); however, they observed that when birds were housed up to 21-d-old, on litter and under health challenge, their FCR, FI, and WG were significantly improved when receiving SDP in the diet.
In the case of the 2 experiments in the present study, the effect was more evident when birds were younger. This was also observed by Campbell et al. [9] , who investigated the effects of the inclusion of bovine SDP in the drinking water of turkeys housed on litter from 0 to 35 d of age, and found that bovine SDP increased FI from d 0 to 7, but not for the total period. The lack of a positive effect of SDP on performance observed in later phases may be explained by the development of broiler defense mechanisms, allowing them to cope better with the environmental challenges. According to Van Dijk et al. [5] and Coffey and Cromwell [7] , there are indications that the beneficial effects of plasma feeding are more evident under production conditions with high pathogen pressure as compared with lowchallenge production settings.
Bregendahl et al. [10] found higher mortality, lower BW gain, and worse flock uniformity in broilers that were not fed bovine SDP, were not vaccinated, and were reared on reused litter as compared with those fed up to 2% bovine SDP, which also had better growth rate, FCR, and breast yield. It is expected that the beneficial effects of SDP are more evident under field challenge conditions, such as the case of poor quality chicks, farms with poor health history, and environmental challenges. Fernandes [22] evaluated the performance of broilers with different initial BW (40 and 44 g) fed 1.5% SDP in the prestarter feed and 1.75% in the starter feed and observed that chicks with lower initial weight and receiving SDP in the diet presented better FCR, but lower livability during the prestarter phase. During the starter phase, when nutritional restriction was used as challenge, results were favorable to the SDP.
In the present study, the challenge applied was not sufficient to influence flock uniformity and, therefore, it did not affect livability. However, Campbell et al. [3] , who evaluated the performance of turkeys fed spray-dried serum diluted in the drinking water and challenged at 35 d of age with Pasteurella multocida, verified better performance in the first week as well as lower mortality. Those authors suggest that SDP systemically improved immunity. Similar results were obtained by Campbell et al. [23] , who evaluated the addition of SDP in the diet of broilers experiencing necrotic enteritis and found that the addition of plasma improved WG and FE, in addition to reducing mortality. According to Borg et al. [24] and Quigley and Drew [6] , plasma used as a protein source reduces the mortality and the morbidity of animals challenged with enteric bacteria, viruses, and protozoa. In this context, Bosi et al. [2] observed that the inclusion of plasma in the diet of piglets challenged with Escherichia coli K88 reduced the inflammation process, as shown by the higher growth rate, reduced IgA secretion in the saliva, lower intestinal mucosa damage, and reduced expression of inflammatory cytokines in the gut. According to Campbell et al. [25] , it has been shown that SDP and serum reduce the overstimulation of the immune response in animals. Thus, the animals do not exacerbate the inflammatory response, allowing nutrients to be directed to animal production [13, 25, 26] .
CONCLUSIONS AND APPLICATIONS
1. The use of SDP may influence the performance of broilers reared under challenge conditions, with positive effects occurring particularly in the early stages of life. 
